Traditional methods of mc determination require multiple 20-g specimens of lint, which is more than is available on many occasions. Thus, the use of smaller specimens was considered. Cotton lint specimens of 1, 5, 10, and 20 nowledge of the moisture content (mc) of cotton fiber is crucial in the operation of cotton gins (Hughs et al., 1994) and also in cotton ginning research. The U.S. Cotton Ginning Laboratory in Stoneville, Mississippi, analyzes about 7000 specimens per year for mc by the oven method in support of the research program. These tests are performed based on the procedures described in the section "Method of Oven Drying Ginned Lint" by Shepherd (1972) using three ovens and four balances. Each oven holds sixteen 20-g specimens.
The ASTM standard calls for specimens of at least 5 g while Shepherd calls for 20-g specimens. Both procedures call for weighing the specimens to the nearest 0.01 g. The ASTM standard says to round the individual calculated mc values to 0.1%. The ASTM standard describes two alternative weighing procedures for the oven-dried cotton, ovenbalance and desiccator. In the oven-balance procedure the final lint weight is made with the specimens in the drying oven and in the desiccator procedure, the specimens are cooled in a desiccator before final weighing. Shepherd describes only the oven-balance procedure and that is the procedure used at the U.S. Cotton Ginning Laboratory. The ASTM standard discusses the number of specimens required based on small sample statistics, the allowable variation in the resulting mc, and a reliable estimate of the standard deviation of an individual observation. The ASTM standard suggests using 0.38 as the standard error when the mean of three specimens is used to determine the mc by the oven-balance procedure, unless testing in the laboratory has provided a better estimate. It also states that in sampling material during ginning or other processing experiments, at least three specimens should be used. Shepherd assigns 95% confidence intervals of 0.7% for 1, 0.5% for 2, and 0.3% for 5 specimens per lot. Taylor (1990) stated that the standard error at his lab was 0.07%, presumably using three specimens per lot but he did not state how many specimens were used. The U.S. Cotton Ginning Laboratory normally uses at least three specimens per lot when mc is not expected to be a major factor in the test and at least five per lot when mc is expected to be a major parameter studied in a test.
Neither standard discusses any effect of cotton variety on the oven-dried mc determination. Taylor (1990) included different varieties of cotton and examined mc analysis carefully, and did not document any effect of variety on the mc determination. Taylor (1988) examined the mc determined by drying the specimens at room temperature compared to the use of the oven. He concluded that volatiles other than moisture are driven off by the oven drying. His estimates of mc averaged 0.5% lower with room temperature desiccation compared to oven drying.
K
When cotton lint test lots are of the small-scale processing size, 25 kg (Anthony and McCaskill, 1974) , or bale size, 230 kg, removing multiple 20-g specimens from the test lot does not pose a problem. However at times the test lots are much smaller and at other times only a limited amount of cotton exists, perhaps from an experimental genetic line. Sometimes a lot of cotton will be exposed to different conditions over time and the mc at several times will need to be measured requiring the repeated sampling of 60 to 100 g of material. The oven-dried mc test is considered to be destructive, so material is consumed in the mc test. The destruction of 60 to 100 g of material at a time when the amount of material was limited has occasionally been a serious problem. It was believed that smaller specimens for oven-moisture determination would lead to a higher standard deviation for an individual observation. However, it was also believed that testing a greater number of smaller specimens would produce as accurate an estimate of the mc mean as fewer 20-g specimens while consuming less material.
The purpose of this work was to examine the effect of smaller specimen sizes on the mc determination by the oven method. More specifically, the desire was to determine the implications of using 1-, 5-, 10-, and 20-g specimens.
MATERIALS AND METHODS
Cotton fiber used in this test was from the Sure-Grow 747 variety grown at the Stoneville, Mississippi, research station and spindle-harvested in the year 2001 after it had field dried. The seed cotton was stored on trailers until it was ginned after the standard seed cotton cleaning of cylinder cleaner, stick machine, and second cylinder cleaner. It was saw ginned and then cleaned with two saw-type lint cleaners in series. The cotton lint was not baled but stored loose in bags. It was then divided into three portions and stored in three chambers that maintained different relative humidities so that the lint would be at different mc levels.
Individual moisture values are normally reported to 0.1% and the round off of the weights should be no larger than 0.1% of the initial weight. One tenth of a percent of 5 g (the minimum specimen size recommended in the ASTM standard) would be 0.005, or the round off when reporting weights to 0.01 g. Previous unpublished testing showed that, especially for the 1-g specimens, weighing to a resolution of 0.01 g was not sufficient but that 0.001 g was. All weights made in this study were made with a resolution of 0.001 g.
One replication of the test resulted from taking approximately 250 g of lint from one chamber and placing it in a sealed plastic bag. Two 1-g specimens were taken from the bag, weighed carefully, and placed in aluminum specimen holders. Then, one 5-g, one 10-g, and one 20-g specimen was likewise removed from the bag, carefully weighed, and placed in aluminum specimen holders. The aluminum specimen holders were perforated for the 5-, 10-, and 20-g specimens, but a simple 6.5-cm diameter cup was used for the 1-g specimens. This procedure was repeated four additional times resulting in ten 1-g specimens and five specimens of 5, 10, and 20 g, each and a total of 25 specimens per replication.
After all the specimens were weighed, they were placed in an oven with fan-forced ventilation preheated to 106°C. The temperature did not change more than ±0.5°C during periods when the oven was monitored and the oven was found to vary by no more than ±1°C at different interior locations when checked with a small mass thermocouple. This temperature range was chosen to be within the ranges described by both ASTM and Shepherd (1972) . The specimens were weighed after 1 h and then again after 2.5 h. The weights were recorded and used to calculate the mc (wet basis). This procedure was repeated 13 times for a total of 650 observations of mc for 325 specimens.
The experimental design was a split plot. The main unit treatment was specimen weight (1, 5, 10, and 20 g) and the main unit design was a randomized complete block containing 13 reps with subsampling. The subsampling unit was the specimen with unequal number of subsamples for each weight (5 or 10). The sub unit consisted of two drying times. Because the mc after each drying time was measured on each specimen, the specimen was a replicate for the subunit as well as a subsample for the main unit treatment. The experiment was repeated for three chambers with moisture level differences between chambers.
The SAS (SAS Institute, 2001) procedure MIXED was used to determine the mean and variance of the mc data. Factors which were included in the analysis were: 1) the chamber in which the lint was conditioned; 2) the set of lint removed from the chamber; 3) the weight of the specimen; 4) the repeated measurement of specimens from the same chamber; 5) the set of lint from that chamber; and 6) the drying time.
RESULTS AND DISCUSSION
These 650 mc observations were examined and two points were identified as outliers. The outliers appeared to be the result of transcription errors and were dropped from further analysis. The mean mc by replication varied from 4.8% to 8.8%. The mean mc by conditioning chamber was 5.3%, 6.8%, and 8.8% with standard deviations of 0.46, 0.46, and 0.18, respectively. Some of the means by conditioning chamber and replication were different between replications within conditioning chamber. Table 1 shows the means and standard deviations for some of the replications showing the data after 1 h and 2.5 h of drying. In table 1 the mean mc after 2.5 h of drying tended to be somewhat higher and the standard deviation somewhat lower than after 1 h. The standard deviations of the mc using larger specimens tended to be lower than when using smaller specimens. The two main questions were whether using smaller samples affected the resulting mc mean and what effect specimen size had on the variance.
MAIN EFFECTS MEANS
The specimen data were analyzed with the fixed effects of chamber (the chamber in which the lint was conditioned before the test), weight (the weight of the specimen), and time (the drying time) and all interactions of these terms. The statistical analysis showed that each of the main effects was highly significant, less than 0.0001 chance of occurring due to random chance. None of the interactions were significant with a probability greater than 0.13.
It was expected that the effects due to the chamber would be significant because the chamber was used to make the lint mc different. The significance of weight in the analysis meant that the mc based on at least one of the specimen weights was significantly different from at least one of the other weights. The fact that time was a significant factor meant that the mc determined by the weight taken after 1 h was significantly different than that taken after 2.5 h. Table 2 shows the differences in means due to specimen size and time of drying. The effects listed in table 2 are effects that have been shown to have a statistically significant difference among them. The least square mean mc based on the 1-g specimens was not statistically different than that based on the 20-g specimens; likewise the mc based on the 5-g specimens was not statistically different than that based on the 10-g specimens. However, the least square mean mc based on 1-g specimans was different than that based on 5-and 10-g specimens and the mc based on 5-and 10-g specimens was different than that based on 20-g specimens. None of these differences were larger than 0.2%, and differences of this magnitude were not considered to be important in mc determination. Also, the pattern to the difference does not support the idea that smaller specimens produce mc data that is biased in any particular direction. When the mc based on the 20-g specimens was considered to be the desired result, then the mc determined with the 10-g specimens needed to be reduced by 0.20, the mc determined by the 5-g specimens reduced by 0.18 and the mc determined by the 1-g specimens increased by 0.07 to produce the same resulting mc. These differences were based on a fairly large number of carefully measured specimens so differences, which may not be statistically significant in normal research mc determination, were significant in this data set.
The mc based on a weight taken after 1 h was 0.10% lower than that based on weights after 2.5 h. This difference, although small, was statistically significant because each of the 324 specimens was weighed twice and the weight differences were consistent. Figure 1 shows the mc after 2.5 h in the oven subtracted from the mc after 1 h in the oven plotted against the mc after 2.5 h in the oven with different shaped symbols for each of the specimen weights. These data show that relatively few specimens gained weight after the 1 h of oven drying, but most lost only a modest amount. The difference is also consistent with the idea that longer time in the oven drove off additional weight, either water or other volatiles referred to by Taylor (1988) . But for normal mc determination differences of this magnitude are not important to ginning studies. 
ANALYSIS OF VARIANCE
An analysis of variance for a split plot was performed using the SAS procedure MIXED pooling data across the chambers, with chamber being a fixed effect due to varying levels of moisture. The skewness of the residuals, the variation in the data unexplained by the model, was 0.1, the coefficient of kurtosis was 0.5 and the residuals were also plotted for graphical examination. This level of skewness means that the distribution was not significantly asymmetric but the kurtosis value showed that the distribution was somewhat leptokurtic, meaning that there were somewhat more observations near and far from the mean that would be expected in a normal distribution. The distribution appeared to be normal when viewed graphically. The variance due to the drying time and specimen weight was determined (table 3). The variance was found to increase with smaller specimen size at a given drying time. The natural variation in lint mc was expected to be less prominent with larger specimens because small errors such as the round-off of the weight, was less important for the larger specimens.
The variance decreased for every specimen size with more drying time. A possible physical explanation for this would be that small groups of fibers were less exposed within the specimens and were not completely dried after one hour. These groups varied between individual specimens of the same weight because of specimen loading within the specimen holder and treatment within the gin prior to testing. After 2.5 h in the oven, these groups of fibers were more completely dried and exerted a smaller effect on the specimen weight so the variance was smaller. The variance expected when multiple specimens were used to estimate the mc of a lot of cotton is the variance within table 3 divided by the number of repeated specimens and the ratio of two variances gives the relative number of specimens needed to produce the same resulting variance. For example, if three 20-g specimens were dried for 1 h and the results used to estimate the mc of a lot of cotton, the expected variance would be 0.0101/3 or 0.0034. Likewise, if seven 1-g specimens were dried for 1 h, the expected variance would be 0.0225/7 or 0.0032. So, one would expect to have about the same variance in the mc mean resulting from three 20-g specimens as four 10-g, five 5-g, or seven 1-g specimens, when all sets of specimens were dried for 1 h. The square root of the variance is the standard deviation and has the same units as the original variable, in this case percent mc. When the standard deviation is calculated based on samples from a larger population, as in this case, it is sometimes called the standard error. For this example the standard error would be 0.06%, which compares well with the error reported by Taylor (1990) of 0.07%.
Moisture content determinations using 1-g specimens required more time, labor, and samples than using 20-g specimens. Weighing the specimens to within 0.001 g was significantly more demanding than measuring them to within 0.01 g as specified by the ASTM standard. Therefore, the use of 1-g specimens for mc determination should be limited to those conditions where sample material is limited, but based on this work, 1-g specimens can be used.
SUMMARY AND CONCLUSIONS
Ginned cotton was conditioned to three different mc levels and 25 specimens oven dried together to determine the mc. Of these 25 specimens, ten were 1 g, five were 5 g, five were 10 g, and five were 20 g in size. The specimens were weighed in the oven after 1 h and 2.5 h of drying. This procedure was repeated 13 times resulting in 650 mc values for 325 different specimens. The mean mc of the 25 readings ranged from 4.8% to 8.8% (wet basis). Statistically significant differences were observed in the mc because of the pretreatment, the specimen weight, and the drying time in the oven. The differences due to the specimen size were small (no greater than 0.2%) and were not suggestive of a problem in mc determination based on specimen size and were therefore considered to not be important in mc determination. There was not a statistically significant difference in the mc based on 1 g and 20 g specimens. The mc based on 2.5 h of oven drying was 0.10% higher than when based on 1 h. This difference may have been caused by some of the specimen not being completely dry after 1 h, but the difference was small and not considered to be important in normal mc determination. The variance in the data based on the specimen size and drying time was calculated. Similar variance would be expected from three, four, five, and seven specimens of 20, 10, 5, and 1 g of lint. Based on this data, seven 1-g specimens produced the same variance as three 20-g specimens while consuming 12% as much material. A 1-g based mc determination was more difficult and time consuming to perform than a 20 g based determination. Therefore when sample material is limited, 1-g specimens can be used instead of 20-g specimens but at a greater processing cost.
